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Description 

SYSTEM AND METHOD FOR 
MAGNETIZING BLOCKS ON A MAGNET 
ASSEMBLY OF AN MRI DEVICE 

Background of the Invention 

[0001] A magnet assembly has been utilized to generate a uni- 
form magnetic field for magnetic resonance imagining 
(MRI) systems. During manufacture of the magnet assem- 
bly, a non-magnetized plate comprising a plurality of 
rare-earth blocks is disposed on an iron yoke wherein the 
non-magnetized plate is subsequently magnetized. To si- 
multaneously magnetize the plurality of blocks, a rela- 
tively large magnetic coil is disposed over the non- 
magnetized blocks that propagate a large magnetic field 
through the blocks. 

[0002] Utilization of the relatively large magnetic coil to magne- 
tize the non-magnetized blocks, however, has several 
drawbacks. First, the large magnetic coil generates rela- 
tively large amounts of heat in the blocks of the magnetic 



assembly and in the coils themselves that must be cooled 
to maintain the structural integrity of the blocks and the 
coils. To cool the blocks, additional cooling systems must 
be disposed adjacent the magnetic coil which is relatively 
expensive. Second, the large magnetic coils require large 
amounts of electrical current to generate the large mag- 
netic field that requires relatively expensive current 
drivers. Third, the large magnetic coil produces relatively 
large electro-magnetic forces on the blocks and counter- 
forces on the coils during magnetization. To maintain the 
blocks and the coils at desired positions, relatively large 
fixtures are clamped to the yoke plates that are relatively 
expensive. 

[0003] There is thus a need for a process of magnetizing blocks 
on a magnet assembly used in an MR! system that over- 
comes one or more of the above-mentioned deficiencies. 
Brief Description of the Invention 

[0004] A system for magnetizing one of a plurality of substan- 
tially non-magnetized blocks disposed on a plate of a 
magnet assembly used in an MR! device in accordance 
with an exemplary embodiment is provided. The system 
includes first and second arm portions operably coupled 
together. The system further includes a first electromag- 



netic coil disposed on a first end of the first arm portion, 
wherein the first electromagnetic coil is configured to 
generate a magnetic field that propagates from the first 
electromagnetic coil through at least one non-magnetized 
block and the plate and further through the first and sec- 
ond arm portions to magnetize the block. 
[0005] A method for magnetizing at least one of a plurality of 
substantially non-magnetized blocks disposed on a plate 
of a magnet assembly used in an MR! device in accordance 
with another exemplary embodiment is provided. The 
method includes disposing first and second arm portions 
proximate a first non-magnetized block and the plate, re- 
spectively, wherein a first electromagnetic coil is coupled 
to the first arm. Finally, the method includes energizing 
the first electromagnetic coil to generate a first magnetic 
field that propagates from the first electromagnetic coil 
through the first non-magnetized block and the plate and 
further through the first and second arm portions to mag- 
netize the first block. 
Brief Description of Drawings 

[0006] Figure 1 is a schematic of an MR! imaging system; 

[0007] Figure 2 is a schematic of a permanent magnet assembly 



utilized in the IS/IRI imaging system of Figure 1; 

[0008] Figure 3 is a scliematic of a magnetizing system in accor- 
dance with an exemplary embodiment. 

[0009] Figure 4 is a schematic of a yoke plate and blocks utilized 
in the permanent magnet assembly of Figure 2; 

[0010] Figure 5 is a schematic of a permanent magnet assembly 
of Figure 2 further including a magnetic pole piece; 

[001 1] Figure 6 is a schematic of a permanent magnet assembly 
of Figure 2 further including a magnetic pole piece; 

[0012] Figure 7 is an electrical schematic of a circuit for energiz- 
ing the magnetizing system of Figure 3; 

[0013] Figure 8 is a flowchart of a method for energizing non- 
magnetized blocks of the magnet assembly of Figure 2 in 
accordance with another exemplary embodiment; 

[0014] Figure 9 is a schematic of a magnetizing system in accor- 
dance with another exemplary embodiment. 

[0015] Figure 10 is an electrical schematic of a circuit for ener- 
gizing the magnetizing system of Figure 9; 

[0016] Figures 11 and 12 are flowcharts of a method for energiz- 
ing non-magnetized blocks of the magnet assembly of 
Figure 2 in accordance with another exemplary embodi- 
ment. 
Detailed Description 



[0017] Referring to Figures 1 and 2, an MR\ imaging system 10 
for generating digital images of a person in accordance 
with an exemplary embodiment is shown. The MRI imag- 
ing system 10 includes a housing 11, a permanent mag- 
net assembly 12, a gradient coil assembly 13, an RF coil 
assembly 14, a computer 15, a pulse generator 16, a gra- 
dient amplifier 17, an RF generator 18, an RF amplifier 19, 
a data acquisition board 20, and an RF receiver 21. 

[0018] The RF generator 18 generates signals that are amplified 
by the RF amplifier 19 and transmitted to the RF coil as- 
sembly 14, in response to a control signal being received 
from the computer 15. In response, the RF coil assembly 
14 generates RF signals that propagate to a person in a 
scanning region and induces nuclei in the patient to emit 
RF signals that are received by the RF receiver 21. The re- 
ceived RF signals are digitized in the data acquisition 
board 20 and then transmitted to the computer 15. 

[0019] The pulse generator 16 generates gradient signals that 

are amplified by the gradient amplifier 17 and transmitted 
to the gradient coil assembly 13, in response to a control 
signal received from the computer 15. In response, the 
gradient coil assembly 17 produces magnetic field gradi- 
ents in the scanning region used for spatially encoding 



acquired signals. 

[0020] The permanent magnet assembly 12 is provided to gener- 
ate a permanent magnetic field that also propagates 
through the person disposed in the scanning region. The 
magnetic assembly 12 includes yoke plates 30, 32, posts 
34, 36, a plurality of blocks 38, a plurality of blocks 39, 
and pole pieces 42, 44. 

[0021] The yoke plate 30 is provided to hold a plurality of blocks 
39 and is constructed of iron. Similarly, the yoke plate 32 
is provided to hold a plurality of blocks 38 opposite the 
blocks 39 and is also constructed of iron. The posts 34, 
36 are both disposed between the yoke plates 30, 32 and 
are operably coupled to the yoke plates 30, 32, respec- 
tively at opposite ends of the yoke plates 30, 32. 

[0022] Referring to Figures 2 and 4, the plurality of blocks 38 are 
disposed on the yoke plate 32 and are constructed of a 
rare-earth material such as neodymium iron boron 
(NdFeB). As shown, the blocks 38 are generally cube- 
shaped and are positioned in rows on the yoke plate 32 to 
form a substantially circular outer periphery. After being 
positioned on the yoke plate 32, the blocks 38 are glued 
to the yoke plate 32. Further, when the blocks 38 are ini- 
tially positioned on the yoke plate 32, the blocks are non- 



magnetized. The system and method for magnetizing the 
blocks 38 will be described below. 

[0023] The plurality of blocks 39 are disposed on the yoke plate 
30 and are constructed of a rare-earth material such as 
neodymium iron boron (NdFeB). As shown, the blocks 39 
are generally cube-shaped and are positioned in rows on 
the yoke plate 30 to form a substantially circular outer 
periphery. After being positioned on the yoke plate 30, 
the blocks 39 are glued to the yoke plate 30. Further, 
when the blocks 39 are initially positioned on the yoke 30, 
the blocks are non-magnetized. The system and method 
for magnetizing the blocks will be described below. 

[0024] Referring to Figures 5 and 6, the pole pieces 42 and 44 
are optionally coupled to the blocks 38, 39, respectively. 
The pole piece 42 comprises a substantially ring-shaped 
ferro-magnetic material, such as iron, that is bolted on 
top of blocks 38 and the yoke plate 32. Similarly, the pole 
piece 44 comprises a substantially ring-shaped ferro- 
magnetic material that is on top of the blocks 39 and the 
yoke plate 30. 

[0025] Referring to Figures 3 and 7, a magnetizing system 60 for 
magnetizing the blocks 38 and the blocks 39 of the mag- 
net assembly 12 in accordance with an exemplary embod- 



iment will now be explained. The magnetizing system 60 
includes arm portions 62, 64, a bracket 66, a movable 
linkage portion 68, an electromagnetic coil 70, a voltage 
supply 72, and a switch 74. 
[0026] The arm portions 62, 64 are provided to form a generally 
C-shaped assembly for fitting over a yoke plate and a 
plurality of blocks disposed on the yoke plate, for magne- 
tizing the blocks. Each of the arm portions 62, 64 are 
constructed from a ferrous material such as iron or an 
iron alloy. In particular the arm portions 62, 64 extend 
generally parallel to one another. The arm portion 62 in- 
cludes arm segments 80, 82, 84 operably coupled to- 
gether utilizing bolts that define a generally U-shaped 
structure. The arm segment 80 is coupled to a first end of 
the arm segment 82. Further, the arm segment 84 is cou- 
pled at a second end of the arm segment 82. As shown, 
the electromagnetic coil 70 is coupled to the arm segment 
80. The arm portion 64 includes arm segments 86, 88, 90 
operably coupled together utilizing bolts to form a gener- 
ally U-shaped structure. The arm segment 86 is coupled 
to a first end of the arm segment 88. Further, the arm 
segment 90 is coupled to a second end of the arm seg- 
ment 88. The electromagnetic coil 70 and the arm seg- 



ment 86 are disposed a predetermined distance (D) from 
one anotlier wlierein tlie distance (D) is substantially equal 
to the thickness of the yoke plate 32 and the blocks 38. 
Further, the arm segments 84, 90 extend toward one an- 
other and define an air gap 105 there between. 
[0027] The bracket 66 is provided to operably couple the arm 

portion 62 to the arm portion 64. The bracket 66 is con- 
structed from a non-magnetic material and includes 
bracket portions 100, 102 disposed opposite one another 
and generally parallel to one another. The bracket por- 
tions 100, 102 are coupled together via a bracket plate 
104 disposed at a first end of each of the portions 100, 
102. The bracket portions 100, 102 are further coupled to 
the arm segments 84, 90, respectively. The bracket 66 
further includes a movable member 68 that is movable 
between the bracket portions 100, 102 using a push rod 
106. The moveable member 68 is constructed from iron 
or an iron alloy. When the movable member 68 is in a first 
operational position, the member 68 is disposed in the air 
gap 105 between the arm segments 84, 90 to allow an 
electromagnetic flux to flow between the arm portions 62 
and 64. When the movable member 68 is moved to a sec- 
ond operational position away from the arm segments 84, 



90, the air gap 105 is formed to prevent an electromag- 
netic flux from flowing between the arm portion 62 and 
64. 

[0028] Referring to Figure 7, a voltage source 72 is provided to 
energize the electromagnetic coil 70 through a switch 74. 
When the switch 74 is in a closed operational position, the 
electromagnetic coil 70 preferably produces an electro- 
magnetic field of about 1-4 Tesla. Of course in alternate 
embodiments, the electromagnetic field produced by the 
coil 70 can be greater than 4 Tesla or less than 1 Tesla. 
Further, when the switch 74 is an open operational posi- 
tion, the electromagnetic coil 70 no longer produces an 
electromagnetic field. 

[0029] Referring to Figure 8, a method for magnetizing blocks in 
the magnet assembly 12 utilizing the magnetizing system 
60 will now be explained. In particular, the method will be 
directed to illustrating how two blocks of the plurality of 
blocks 38 are magnetized. It should be noted, however, 
that all of the plurality of blocks 38 would be magnetized 
by iteratively repeating the following method. Further, af- 
ter each of the plurality of blocks 38 are magnetized, the 
method would be iteratively repeated for each of the plu- 
rality of blocks 39. 



[0030] At Step 130, the arm portions 62, 64 are disposed proxi- 
mate a first non-magnetized blocl< 38 and tlie ferrous 
plate 32, respectively, wherein an electromagnetic coil 70 
is coupled to the arm portion 62. 

[0031] At step 132, the electromagnetic coil 70 is energized to 
generate a first magnetic field that propagates from the 
electromagnetic coil 70 through the first non-magnetized 
block 38 and the plate 32 and further through the arm 
portions 62, 64 to magnetize the first block 74. 

[0032] At step 134, the electromagnetic coil 70 is de-energized 
after the coil 70 has been energized for a predetermined 
amount of time. 

[0033] At step 136, the movable linkage member 68 is moved 
away from a region between the arm portions 62, 64 to 
form an air gap between the arm portions 62, 64. 

[0034] At step 138, the arm portion 62, 64 are disposed proxi- 
mate a second non-magnetized block 38 and the ferrous 
plate 32, respectively. 

[0035] At step 140, the movable linkage member 68 is moved 

into the region between the arm portions 62, 64 to fill the 
air gap between the arm portions 62, 64 to operably cou- 
ple the arm portions 62, 64 together. 

[0036] At step 142, the electromagnetic coil 70 is energized to 



generate a second magnetic field tliat propagates from 
the electromagnetic coil 70 through the second non- 
magnetized block 38 and the plate 32 and further through 
the arm portions 62, 64 to magnetize the second block 
38. 

[0037] At Step 144, the electromagnetic coil 70 is de-energized 
after the coil 70 has been energized for a predetermined 
amount of time. 

[0038] Finally, at step 146, the movable linkage member 68 is 
moved away from the region between the arm portions 
62, 64 to form an air gap between the arm portions 62, 
64. 

[0039] Referring to Figures 9 and 10, a magnetizing system 160 
for magnetizing the blocks 38 and the blocks 39 of the 
magnet assembly 12 in accordance with another exem- 
plary embodiment will now be explained. The magnetizing 
system 160 includes arm portions 62, 162, the bracket 
66, the movable linkage portion 68, the electromagnetic 
coil 70, the voltage supply 72, the switch 74, and the 
electromagnetic coil 164. 

[0040] The primary difference between the magnet assembly 160 
and the magnet assembly 12 is that the magnet assembly 
160 includes a second electromagnetic coil (i.e., electro- 



magnetic coil 164). Furtlier, tlie magnet assembly 160 in- 
cludes an arm portion 162 instead of the arm portion 64. 
The arm portion 162 includes arm segments 166, 168, 
and 170. The arm segment 166 is operably coupled to the 
arm segment 168 at a first end of the arm segment 168. 
Further, the arm segment 170 is operably coupled to a 
second end of the arm segment 168. The segment 170 
extends towards the arm segment 84 and defines an air 
gap there between. Further, the electromagnetic coil 164 
is operably coupled to the arm segment 166. The distance 
(D2) between the electromagnetic coils 70, 164 is sub- 
stantially equal to the thickness of the yoke plate 32 and 
the blocks 38. 

[0041] Referring to Figures 11 and 12, a method for magnetizing 
blocks in the magnet assembly 12 utilizing the magnetiz- 
ing system 160 will now be explained. In particular, the 
method will be directed to illustrating how two blocks of 
the plurality of blocks 38 are magnetized. It should be 
noted, however, that all of the blocks 38 would be mag- 
netized by iteratively repeating the following method. Fur- 
ther, after all of the blocks 38 are magnetized, the 
method would be iteratively repeated for each of the plu- 
rality of blocks 39. 



[0042] At Step 180, the arm portion 62, 162 are disposed proxi- 
mate a first non-magnetized blocl< 38 and tlie ferrous 
plate 32, respectively, wherein the electromagnetic coil 70 
is coupled to the arm portion 62 and the electromagnetic 
coil 164 is coupled to the arm portion 162. 

[0043] At step 182, the electromagnetic coils 70, 164 are ener- 
gized to generate a magnetic field that propagates from 
the coils 70, 164 through the first non-magnetized block 
38 and the plate 32 and further through arm portions 62, 
162 to magnetize the first block 38. 

[0044] At step 184, the electromagnetic coils 70, 164 are de- 
energized after the coils 70, 164 have been energized for 
a predetermined amount of time. 

[0045] At step 186, the movable linkage member 68 is moved 
away from a region between the arm portions 62, 162 to 
form an air gap between the arm portions 62, 162. 

[0046] At step 188, the arm portions 62, 162 are disposed proxi- 
mate a second non-magnetized block 38 and the ferrous 
plate 32, respectively. 

[0047] At step 190, the movable linkage member 68 is moved 
into the region between the arm portions 62, 162 to fill 
the air gap between the arm portions 62, 162 to operably 
couple the arm portions 62, 162 together. 



[0048] At Step 192, the electromagnetic coils 70, 164 are ener- 
gized to generate a magnetic field that propagates from 
the electromagnetic coils 70, 164 through the second 
non-magnetized block 38 and the plate 32 and further 
through the arm portions 62, 162 to magnetize the sec- 
ond block 38. 

[0049] At step 194, the electromagnetic coils 70, 164 are de- 
energized after the coils 70, 164 have been energized for 
a predetermined time. 

[0050] Finally, at step 196, the movable linkage member 68 is 
moved away from the region between the arm portions 
62, 162 to form an air gap between the arm portions 62, 
162. 

[0051] The system and method for magnetizing a plurality of 
substantially non-magnetized blocks of a magnetic as- 
sembly used in an MR! device provides a substantial ad- 
vantage over other systems and methods. In particular, 
the system and method provides a technical effect of al- 
lowing the magnetization of individual blocks of a mag- 
netic assembly utilizing a relatively simple magnetizing 
device. As a result, large fixtures and current drivers for 
simultaneously magnetizing a plurality of blocks are no 
longer needed. 



[0052] While embodiments of tlie invention are described with 
reference to the exemplary embodiments, it will be un- 
derstood by those skilled in the art that various changes 
may be made and equivalence may be substituted for ele- 
ments thereof without departing from the scope of the in- 
vention. In addition, many modifications may be made to 
the teachings of the invention to adapt to a particular sit- 
uation without departing from the scope thereof. There- 
fore, it is intended that the invention not be limited to the 
embodiment disclosed for carrying out this invention, but 
that the invention includes all embodiments falling with 
the scope of the intended claims. Moreover, the use of the 
term's first, second, etc. does not denote any order of im- 
portance, but rather the term's first, second, etc. are used 
to distinguish one element from another. Furthermore, 
the use of the terms a, an, etc. do not denote a limitation 
of quantity, but rather denote the presence of at least one 
of the referenced items. 



